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CHAPTER - 1 
CHAPTER -1 
INTRODUCTION 
Background 
Often called as the heartland of India, the Bundelkhand Region of central India 
has always commanded an eminent place throughout the Indian history. All along 
its length and breadth, Bundelkhand is richly studded with religious centres, 
historical sites, monuments and forts. It boasts of a vividly dynamic, rich and 
colourful cultural fabric manifested by a spectacular diversity in folk dances, 
music, songs, art, architecture and, of course, the fairs and festivals.. Apart from its 
rich cultural heritage the region is also known for its socio-economic 
backwardness. Most of the districts of the region have been identified as poorest 
districts of the country by the Planning Commission of the Govt, of India. For most 
part of the year, the residents of Bundelkhand experience acute scarcity of water 
for agricultural industrial and domestic use. Water sources are varied and often 
seasonal, ranging from ponds, tanks, lakes and streams to open wells, bore wells 
and irrigation canals radiating out from large-scale dams. 
Most agriculture is single-crop and rain fed with supplementary water from open 
wells. Thus, large numbers of farmers are highly dependent on the monsoon rains 
to recharge these wells.. The water management approach has to be built around 
the issue of sustainability in terms of both source creation and its management 
(quality and quantity), and building of institutional systems at various levels 
(village, block, district levels) for community based management of water and 
sanitation challenges. 
Administratively, The Bundelkhand region comprises 13 contiguous 
districts, viz. Jhansi, Lalitpur, Jalaun, Hamirpur, Banda, Mahoba and Chitrakoot in 
Uttar Pradesh and Sagar,Chattarpur, Tikamgarh, Panna, Damoh and Datia in 
Madhya Pradesh. Apart from fts rich cultural heritage, the region is also known for 
its socioeconomic baclcwardness. Most of the districts of the region have been 
identified as the poorest districts of the country by the Planning Commission of the 
Govt, of India. It has been estimated that almost half of the population of this 
region does not have food security 1. It can primarily be attributed to: 
Low agricultural productivity 
Because of inappropriate agricultural practices that make it anunviable 
profession. Monocropping is practiced by most of the farmers causing adverse 
impact on the soil fertility. Due to increase in population, land holding per person 
has become very low that renders low yield and therefore poor income from the 
land. The production is largely concentrated into the hands of a few landlords. 
Lack of alternate livelihood option 
Livelihood from other sources, like forest and traditional crafts and 
occupation is also edging. With only 3-4 months of agricultural labor being 
available and no alternate livelihood of option. So a large number of laborers are 
forced to migrate to other regions of the country, the estimated migration rate 
being around 39% for the region. 
Degeneration of Natural Resources base 
Being home to a succession of enlightened kingdoms through the millennia, the 
kings of the Bundela dynasty built and maintained innumerable rainwater 
harvesting structures, which ensured abundant supplies of water throughout the 
year. The water bodies were mostly tanks (small, medium and large) which got 
filled up during the rainy season and which in turn charged the ground water. Thus, 
the wells in the village had plenty of water throughout the year. Even in the years 
when the monsoon was below normal, there was no shortage of drinking water for 
humans and animals. All this changed in the last 50 years when indiscriminate 
cutting of trees without any serious replanting, led to the disappearance of most of 
the forests. With rapid increase in the human and animal population during this 
period the pasturelands also disappeared and water bodies started drying up. 
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Today, the lush bamboo and teak forests that covered large tracts of this terrain and 
nurtured some of the best biodiversity, wildlife (including tigers and leopards) and 
Other forest wealth in the country is all gone. Depletion in the ground water table 
and lack of avenues for storing the rain water has wreaked havoc on water 
availability both for drinking and irrigation. The recharging of ground water 
resources through collecting the rain water in traditional ponds is not taking place 
due to degradation of such ponds, encroachment on forest lands, deforestation and 
blocking the catchments areas of watershed regions. The result is that wells being 
used for drinking water and irrigation are not providing enough water to serve the 
purpose for the whole year.2 most agriculture is single-crop and rain fed with 
supplementary water from open wells. Thus, large numbers of farmers are highly 
dependent on the monsoon rains to recharge these wells. 
Poverty is rampant in the Bundelkhand region. Low productivity in agriculture and 
industrial backwardness, combined with the dying traditional household/cottage 
industries have caused the region to remain one of the most poverty stricken. 
Employment and income generation programmers run by government, hardly 
reach the poor in the feudal set up of the society, widely prevalent in the area. 
Migration to other states doesn't always solve the problem, when the population 
living below poverty line is very large. Given the background of Bundelkhand 
Region and the key concerns mentioned above, it is important that economic 
activities are revived in the region with a key focus on management of natural 
resources, especially water. The water management approach has to be built 
around the issue of sustainability in terms of both source creation and its 
management (quality and quantity), and building of institutional systems at various 
levels (village, block, district levels) for community based management of water 
and sanitation challenges. An integrated approach to water and waste water 
management has to be undertaken. 
Jhansi District Location: 
Jhansi district lies in the extreme south-western comer of Uttar Pradesh. It has an 
irregular boundary, the northern border being contiguous with that of the Jalaun 
district, the river Betwa flowing between the two districts for a considerable 
distance. On the east of the district lie the districts of Hamirpur and Mahoba. The 
Southern boundary of the district is formed by the Tikamgarh district. The district 
lies between 24° 11' and 25°57' N and 78° 10' and 79°23' E with the district, the 
northern portion comprises the subdivisions of Jhansi-Moth and Mau- Garautha 
and southern portion that of Lalitpur-Mehroni which is practically surrounded by 
Madhya Pradesh and is more or less pear shaped. 
Jhansi district is one of the drought prone area of U.P. Major Parts of the District is 
underlain by Bundelkhand Gneissic Complex(BGC) of Archean age.Lakheri river 
is chronically drought prone area Jhansi district, Utter Pradesh,India.The area is 
chiefly drained by the river Betwa and minor river like Dhasan and Pahuj.The 
Betwa and Pahuj rivers are tributaries of Yamuna and Dhasan is tributary of 
Betwa.The Major tributaries of Dhasan are Lakheri,Sukhnai,Kurera etc.These are 
primary monsoon river that cause flood during monsoons but are usually 
completely dried up after the winter. 
ACCESSIBILITY:-
The area is approachable by rail from Aligarh via Kanpur. Jhansi is the 
district headquater and is the nearest rail head located around 470 km, from 
Aligarh. Besides Baragaon, mathrapura, Chandpur, Mauranipur, Garanthal, 
Barwar, Shahpura Khurd, Jaunri & Parari etc, are the important villages in the 
district. Many of the villages are connected by road and cart tracts, which are 
motorable in dry season. 
PREVIOUS WORK:-
The geological mapping carried out by Geological Survey of India has 
assigned the granite exposed in the area of Bundelkhand Granite. The radiometric 
dating suggests 2500 million years ago for Bundelkhand granite (Cranfood 1970 
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and Sarkar, 1972, 1979). Sarkar (1972) correlated the Bundel Khand granite with 
the Sarara and Berach granites of Rajasthan. Sarkar (1979) ubckyded tgese 
grabutes ub tge yooer archean. Fermor (1909) considered the Bundel Khand 
granite as post-tectonic to Dharwarian folding. The granite was earlier considered 
as basement and primordial crust but revisional mapping by Geological Survey of 
India has brought out that it is intrusive into the associated metasediments 
(Jhingran, 1958). The granite is covered by alluvial deposits which have been 
assigned to Quaternary era (Khan, 1978). 
Mukherji (1970-71) describes a 200 m long and 2 m wide pink syenite vein in 
Jhansi granite at 1.3 Km NIS'^E of 118 hill to the NE of Talbehat. Basu (1970-71) 
describes small vein and patches of syenitic melasyenitic rocks are commonly seen 
in the Jhansi granite and to a lesser extent in the Karesra granite. 
Saxena (1961) & Misra & Sharma (1975) reported presence of syenites in 
Bundel khand region. According to the Misra & Sharma (1975), the syenites rocks 
developed along the gradational contact of the biotite shist undergoing 
transformation to granitic rocks. The recognize grayish granitic syenite and 
choelate coloured quartz Syenite containing 10.34% and 14.83% quartz 
respectively. Similar syeno-granites are described by Frestetal (1981), from the 
granitic terrains of Aba Al Qazaz. 
Saxena (1961) mentioned extensive development of orgnatites as a stage in 
the transformation of biotite schist to granite at Kabrai. He further mentions 
migmatites at the foot of the spillway of the Kamla Sagar Dam. 
Studies by BAsu (1971-72, Senthiappan and Rajan 1972-73) confirms these 
observation; However amagatites are not spread wide in the Kabrai area. 
Basu (1970-71), Srivastava (1970-71) describe a tract of mesocratic and 
leucosome migmatites is noticed between Baghora and Babina. The area to the N-
E of Mahoba presents several types of migmatites, including plasioclase bastite. 
Basu (1970-71) describes a pegmatites body sends large feldspar crystal 
with section as large as E 8 cm x 4.5 cm protruding outside the body. 
Basu (1970-71) also found pegmatite occurs with leucogranite at the village 
Utiyan. The geohydrological and hydrogeomorphological survey in parts of district 
was carried out by (A.K. Agarwal and D.N. Rao, M.B.S. Rao, S. Ravi Prakash, 
N.K, Goswami, CD. murty, A.K. Agarwal & S. Mukherjee). 
Demographic Characterstics: 
According to the Survey of India, the area of the present Jhansi district is 5024 sq 
km. It has 5 tehsils, 8 blocks (shown in map-3), 21 urban centers and 760 inhabited 
villages. The relief of the district varies roughly from 150m-450m above the mean 
sea level. The population of the district is 17, 44,931 (2001 Census) with 28.06% 
and 0.06% of the population being of Scheduled Caste and Scheduled Tribe 
respectively. The sex ratio for Jhansi district as per 2001 Census is 871 (against 
state's sex ratio of 898). Similar to Tikamgarh district, Jhansi also has witnessed 
incidences of female infanticide causing the skewed sex ratio. Jhansi being one of 
the major cities in the region, about 40.79%) of total population of the district lives 
in urban areas and the rest 59.2% in rural areas. Jhansi district has 760 inhabited 
villages that support a population of 10, 33,171. The Jhansi tehsil, in which the 
Jhansi town is located alone houses approximately 7.9 lakh people and has a 
population density of 262 persons per square kilometer (as against the district 
statistic of 217). The Jhansi district, although low on social indicators overall, is 
relatively better than other districts in Uttar Pradesh. As per 2001 census, the infant 
mortality rate for Jhansi district is 78 per 1000 births (IMR for UP state is 83/1000 
births). Major reason cited for this is availability of better health care facility in 
Jhansi district in comparison to most other districts. The lower Total Fertility Rate 
(TFR) for Jhansi district (i.e. 3.215 against the state TFR of 5.0) combined with a 
lower Crude Birth Rate (29.1 per 1000 population against the state CBR of 32.4 
per 1000 population) has meant that the district has witnessed a lower (17.5 %) 
growth in population in the period 1991-2001. This is much lower than the state 
figure (28.43%)) and even the national average (21.34%o). The percentage of 
population living below poverty line in Jhansi district is 18.3%. The per capita 
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income of Jhansi district is not available, but that of the state of Uttar Pradesh is 
Rs. 10817 (2003 - 04). The Jhansi district has also lately been experiencing large 
migration of people to other areas. 
Water Demand 
Domestic 
The Jhansi district has a burgeoning population over the last 50 years. This has 
resulted in a huge increase in the domestic demand for water. Applying the same 
norms for water use for rural and urban population , the domestic demand for water 
in Jhansi district is approximately 35 mem / year. This demand has been increasing 
at a decadal growth rate of more than 20% as a result of the increase in population. 
Agricultural 
Jhansi has less than half of its area as agricultural, including both Kharif and Rabi 
crops. The hill topography of the district does not permit large-scale farming and 
cultivation of land under the so-called improved agricultural practices. The soil 
quality in the district has also been a major factor in the use of land for agriculture 
and the consequent demand for irrigation. Inthe regions of black soils in tehsil 
Moth,Garautha and Mauranipur, artificial irrigation has not been absolutely 
necessary because of the water retaining capacity of the soil. In the red soils, 
however, irrigation is necessarybecause the soils are incapable of retaining 
moisture. Rabi crops are wheat, gram, mustard, oilseeds etc. The maximum water 
requirement in the district is for irrigating the tilhan and the wheat crops mainly 
because they account for a bulk of the total sown area. As per the total sown area 
in year 2004-05, the total requirement of water for irrigation in the district is 
approximately 1504 mem / year. 
The Irrigation Water Situation 
The low water table and the hilly topograph of the district have always been an 
obstacle to the expansion of irrigation. The district was abundant in masonry wells 
which were employed for irrigating the fields before canals were introduced in the 
same areas for revenue benefits. As already mentioned, Jhansi has many lakes, 
ponds and reservoirs from where canals have been taken out for irrigation. 
Embankment (Bandhan-system) was also popular here, as in other districts of 
Bundelkhand. The Rajghat canal project, mentioned earlier, is now a major source 
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of irrigation water for the district. Besides providing water, directly, which is Hfted 
using pumps and taken through unhned channels, it has also recharged most of the 
wells in the command areas. 
MEASURES FOR WATER RESOURCE AVAILABILITY 
Traditionally, Bundelkhand region had valued its water resources the availability 
of which is heavily dependent upon rains. Though in current times many water 
reservoirs of the region are under serious threat due to a high water crisis in the 
third consecutive drought year, it would be of importance to have an overview the 
different kinds of water off has been high with little recharge and thus every drop 
of water was considered precious and stored in tanks and village ponds. Some of 
the common water harvesting practices in the districts of Jhansi harvesting 
practices in region. Since the terrain is undulated and rocky,surface run. 
Dams 
There are two minor dams on Jamni and Dhasan rivers that serve the Tikamgarh 
district of M.P. Though some rivers flow through this district for long distances, 
most of the dams on these largely benefit Jhansi and other districts of U.P, which is 
mainly due to a slightly higher altitude of Tikamgarh and other districts of M.P. as 
well as the political will. In Tikamgarh, a positive aspect is availability of many 
natural dam sites because of its undulated, rocky terrain. Thus, check dams can be 
made in lesser resources. As per the Geography Professor Dr. Tewari from 
Tikamgarh Degree College who has done extensive research on thewater resources 
of the region, Jamni and Dhasan rivers before merging with the Betwa have a 
potential of around 10 check-dams in these natural sites. There could also be 
channels created between these two rivers at the same altitudes. 
Village pond 
Many villages in the region have overtime constructed a number of ponds. There 
are mainly two kinds of ponds in the villages - those in the farmlands meant for 
agriculture and those in the village common lands having the purpose of 
supporting all other water needs like for fishing, cattle, sanitation etc. 
Runoff harvesting in the form of embankment type ponds has been practiced for 
centuries in Bundelkhand where stream flow is of ephemeral nature.9 There are 
several ponds constructed in the region, but most of them have lost their utility 
after getting silted up due to lack of maintenance and poor management of their 
catchments. Most of the runoff harvesting ponds are shallow with large surface 
area. 
Step Wells 
There are around 1293 step wells in Tikamgarh (number of such wells in Jhansi is 
not known). Many of these still have water though at much lower depths now. 
These are, however, under serious need of conservation and management. Private 
wells are still maintained but not the public ones. Digora and Papora near 
Tikamgarh city have some famous step wells in the region. 
Haweli Bundhies 
Haweli system of cultivation is also traditional way of water harvesting practices in 
Bundelkhand and ispracticed in areas having black soils. 
In this system the rain water is impounded in bunded fields during monsoon and 
direct sowing of rabicrops is generally done after removing the impounded water. 
In this way, only a single crop in a year, either rice in kharif or any rabi crop is 
taken in Haweli system, which results in very low yield and low cropping intensity 
of the region. Chaubey et al. (1984) suggested that wheat crop can be grown 
successfully on the residual moisture after the harvest of rice crops in Haweli 
fields 10. Sometimes, haweli cultivation system is having the principle of graded 
terracing in stream beds. This involves construction of a series of low, small check 
dams or bund type structures across a certain wide bed of ephemeral streams to 
retain runoff and store it in the soil to raise crops. This traditional system has 
received less attention of scientific community, but even today these are socially 
acceptable and widely popular. This is not only common to Bundelkhand, but also 
in other semiarid and arid areas. 
Scope of present work 
The investigation was primary directed to evolve parameters for water targeting 
through technology development for time effective and cost effective 
methodology. Remote sensing techniques for establishing relationship between 
ground water localization and geomorphology were attempted with a view to 
evolve photo signature of ground water zones in different geomorphic units.Basic 
data in respect of hard rock geology and quaternary litho stratigraphy of the area 
were collected through normal survey techniques. This study was necessitated by 
the fact that sacrificial expression of the photo recognition elements of the different 
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geomorphic surfaces and landforms are controlled by the pedagogical signature 
and their responses to the visible part of the electromagnetic spectrum. 
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CHAPTER - II 
CHAPTER - II 
STUDY AREA 
General Statement: 
The study area comprises Lakheri basin. There are four number of Tehsils namely 
Jhansi,Moth,Gauratha and Mauranipur. Jhansi district is one of the drought prone area of U.P. 
Major Parts of the District is underlain by Bundelkhand Gneissic Complex(BGC) of Archean 
age.Lakheri river is chronically drought prone area Jhansi district, Utter Pradesh,India.The area 
is chiefly drained by the river Betwa and minor river like Dhasan and Pahuj.The Betwa and 
Pahuj rivers are tributaries of Yamuna and Dhasan is tributary of Betwa.The Major tributaries of 
Dhasan are Lakheri,Sukhnai,Kurera etc.These are primary monsoon river that cause flood during 
monsoons but are usually completely dried up after the winter. As per 2001 census, district"s 
population was 1744907. The main source of irrigation in the district is through ground water 
and canal. 
"The Lakheri river basin" lies between latitude 79°00 '00"-79 ' '15 '00"N and longitude 25°!5 00 -
25''30'00"E. 
The study area falls in the Lakheri asin, bounded between latitude 79°00'00"-79°15'00 N and 
longitude 25°15'00"-25°30'00"E. falling in SOI toposheet 54 0/3 and covers an area of about 
468.14451 Sqkm... 
Climate and Rainfall 
The average annual rainfall is 850.1mm. The climate is sub-humid and it is characterized by a 
hot dry summer and cold winter. About 91% of rainfall take place from June to September. 
During monsoon surplus water is available for charging to ground water. January is the coldest 
month of the year when the mean daily maximum temperature is 24.1°C and the mean daily 
minimum temperature is 9.2°C, May is the hottest month with mean daily maximum temperature 
is 42.6*^ 0 and means daily minimum temperature is 28.8''C. The mean monthly maximum 
temperature is 32.6°C and means minimum temperature is 19.2°C. The area around Mehroni, 
Narhat-Lalitpur in the south record maximum rainfall. The amount decreasing towards north. 
The S-W monsoon reaching the district after June and withdraw by the end of September. During 
the period of S-W monsoon, the district received 91% of its annual precipitation 
Jhansi Districts -
Climate and Rainfall -The climate of both the districts may be characterized by a hot dry summer 
and cold winter and is marked for high variability of rainfall year to year. There are primarily 
four seasons; 
12 
Dry summer season - from March to May i.e. before advent of Monsoon 
Moist summer season - from June to September, the Monsoon 
Transition period - in October and November, which is the post Monsoon period 
Winter Season - from December to February 
The coldest months in the year are December and January in which the temperature goes as low 
as 100 C. This is due to the cold waves caused by the western disturbances moving across north 
India. From March onwards, the temperature begins to rise progressively and peaks in May in 
which temperature goes up to 45*^  C, which is accompanied by dusty storms. Thunderstorms 
occur during the pre monsoon months while fog is common during winters. 
The district gets majority of its rains in the Monsoon season, during which the south westerly 
winds as well the winds from Bay of Bengal bring the rain clouds along with them. The average 
rainfall of the Jhansi district as reported in the District Gazetteer (1965) is 880 mm while for the 
Tikamgarh district is 1000 mm. Despite of the fairly decent average rainfall of the districts, its 
uncertainty and erratic behavior leads to dry spells causing droughts and also floods in the 
Monsoon. The uncertainty in the rainfall is the main reason of poor agriculture yield. Rain is also 
received in a very small amount during November to May, but this rain is very important for 
agriculture in this region. This rain is called "Mahawat" in the vernacular language. 
Jhansi District-Topography 
Jhansi district is situated at an elevation of 150-450 m above the mean sea level. 
Geologically, it is comparatively level; a low lying and fertile tract. It has the general appearance 
of a plain dotted with isolated low and rocky hills. The district has two physically distinct 
portions 
1. North Eastern Plains: 
This plain covers the Mauranipur, Garutha and part of Moth tehsils. It comprises small hillocks 
spread out across the plain. It is drained by river Dhasan and its tributaries Lakheri and Chainch 
rivers. It has a slope towards the north-east. 
2. The South Western Plateau: 
This plateau covers the southern portion of Jhansi tehsil and south western part of Mauranipur 
tehsil. This is a plateau in the South Western direction and is adorned with tall hills here and 
there. The land is undulating with several ravines. The general slope is towards the north 
Geologically, Jhansi has an assemblage of Granite rocks known as Bundelkhand Granitic 
Complex. The northern boundary of Jhansi is partially Gangetic alluvium. The entire district is 
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dotted with granite and gneiss along with quartz reefs and igneous rocics. The important minerals 
found in this region are building stone and road material, ceramic pegmatite and pyrophyllite and 
diaspore. 
The soils found in district are primarily of the following three types 
1. Bundelkhand type I (Red soil in the north and Rakar soil in the south) 
2. Bundelkhand type II (Brown fertile Domat, Parua somewhere mixed with kankars and clay. 
Matiyar) 
3. Bundelkhand type III (Kabar-coarse grain; Domat mixed with Matiyar upto 25%; Mar (has 
greater moisture retention capacity). 
Elevation 
The elevation data of the area was extracted from the Survey of India toposheet No 
540/3 in the form of contour values/spot height values. The maximum elevation encountered in 
the study area is 383 m above (Mean sea level) near Rajapur in south-west and minimum is 160 
m above MSL near Gauratha area in south. Elevation ranging from 284 m to 383 m above MSL 
represents moderate to high relief in the south-east, Gentle to moderate relief ranging from 160 
m to 283 m above MSL is on the north, north east at few places in the north. 
The Digital Elevation model generated from SRTM data shows higher elevations ranging 
from 359 - 383 m above MSL encountered in the structural hills in south-west study area. The 
elevation ranging from 235-283 m above MSL are associated with erosional plaines on north-
east, and central region. The elevation ranging from 160 -234 meter above MSL are low lying 
plains in central part and at few places in the north. 
Slope 
The slope map of the study area was derived from the elevation data which was generated from 
SRTM data exported to Arcview 3.2 GIS software. The slope in the study area ranges from 0° to 
23*^ , categorized into 9 classes of equal intervals, i.e. gentle (0° to 5% moderate (5° to 10°), steep 
(10° to 15°) and very steep (15° to 23°). Gentle slope (0° to 5°) is reported from almost whole 
basin of study area., whereas moderate (10° to 15°) and steep slopes (15° to 20°) are encountered 
in the north, north-east, very steep slopes (20° to 23°) are present in very few places in the study 
area. Almost 95% of the area falls under gentle (0° to 5°) category, and rest 5 % falls in 
moderate, steep and very steep category. 
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Geology 
General Statement 
Geology of Bundelkhand complex has been described by number of workers. However 
Meddlicott (1859) was the first to describe the occurrence of green stone dyke and quartz reef 
and suggested an earlier origin for quartz reef. Fermor (1909) described post Dharwar age for the 
gneisses. Mishra (1948) recorded the presence of hybrid gneisses and suggested that they were 
the result of intermixing of preexisting rocks with the granites.During field visit near Gauratha 
Gursarai .Jhingran (1958) described in detail the heterogeneity of granite and two phases 
intrusion of granitic magma. He correlated the Bundelkhand granite with the Closepet, Arcot, 
Bellary and Singhbhum granites. Prakash et. al. (1975) divided the Bundelkhand complex into 
two structural blocks. The area is comprised of Bundelkhand gneissic complex of archean age 
and alluvium of recent age. Physiographically, the area can be divided into two units i.e. 
Southern Bundelkhand Pediplane Province and Northern Highly Eroding Composite Plain 
Province. 
A. North block (Jhansi-Lalitpur) comprises vast area with inclusion of metasediments and have 
regional Precambrian granite. 
B. The South block (south of Lalitpur) consists of Bundelkhand granitoid flankedin south by 
medium and low grade meta sedimentary of Mehroni group and sedimentary sequence of 
Bijawars. Thestudy area is part of block 'B'. The stratigraphic sequence of the area is as follows. 
Deccan trap 
Unconformity 
Vindhyan super group 
Unconformity 
Bijawars group 
Unconformity 
Bundelkhand complex 
A. granite with older metasediments, quartz 
Reef and intrusive of basic. 
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B. granite, quartz veins, basic and ultra basic 
Unconformity 
Mehroni group (Iron formation & gneiss) 
Krishnamurthy (t990) identified major geological, geomorphological features and extension of 
Deccan trap over a large part of south of Lalitpur District (Bundelkhand Complex) through 
visual interpretation and digital analysis of remtoely sensed data. 
The study area comprises rocks of Bundelkhand group overlain unconformably by sedimentary 
sequence of predominantly pellitic formations of Bijawar and then Vindhyan super group. This 
in turn is overlain by basaltic flows of the Deccan trap.. In continuation of this, area was mapped 
on 1:50,000 scale using remote sensing technique and selected potential zone have delineated on 
the basis of geological set up for detailed mapping. During field work the village near 
Mauranipur name Rippa dhamna the bedrock are found at the depth of 100 feet. In Mauranipur 
area the bed rock are found at the depth of 60 feet.According to local people the rain has not 
been falling for 2 year. The dudheri nadi almost is dried. 
The study area Jhansi District Comprises of Bundel Khand granite massif the following 
generalized geological succession table (2) has come up on the Basis of the interpretation of land 
sat images and aerial photographs with limited field check. 
TABLE-1 Geology of Study Area 
AGE Yrs. FORMATION LITHOLOGY 
Recent ALLUVIUM Alluvium Comparising 
OfSand, Silt and 
Clay 
uppcret to (Malwa) Basalt. 
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Lr Eocene Deceantrap 
1500-500 mg. Vindhyan Metasedimentary 
Super group rocks 
2600 mg. Bundelkhand graniite & veng 
Graniitic Complex Cow Gneises 
The photo characters of litho units identified from the denial photograph and satellite imagery 
are given in the table-1 respectively and discussed as follows. 
Alluvium: 
Alluvium appears as medium to dark grey in tone on aerial photographs and reddish grey to 
red colour on IRS P-6 LISS-III image, in areas where alluvium is covered by natural vegetation. 
It is characterized by sub-dendritic drainage pattern but combination of dendritic to rectangular 
drainage pattern is also seen at places. The Narrow patterns of alluvium have been identified 
through IRS P-6 LISS-III images, confining along the rivers and streams. The thickness of 
alluvium comprises of sand, silt and clay probably due to resuh of fluvial action. 
Deccan trap Basalt: 
The very minor portion of study are a i.e. Jhansi district is covered by Deccan 
basalt. By photo interpretation the basalt has been identified on the Betwa river near Jhansi. 
Basalt sow light to dark tone on black and white images and dark grey on false color composites. 
The litho units are characterized by sub-dendritic drainage pattern is commonly observed in 
which lower order stream form dendritic pattern white high order stream constitute rectangular 
pattern. This unit is overlain by alluvium of variable Geology thickness. The deneity of drainage 
varies from low (on the flat to slightly undulating top surfaces) to high (on the dissected mergin). 
A number to tongue like features and citrated margin are identified and recognized on the landsat 
images and on aerial photographs. These features are very helpful in identifying the Deccan trap 
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of land use pattern terrain. However, it appears difficult to map the individual flow through 
land sat images or my aerial photograph, because and low ant crop elevations. 
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Fig: Geological Map of the Study area 
Vindhyan super group ; 
The District Jiiansi is also Comprises of Vindhyan super group sediment of upper 
protrozoic rocks. It is overlain by Decean trap. The photo interpretation of these 
metasedimentary rock reveal the characteristics of its litho units and other quality of rock like 
porosity, permeaility etc. It show dark grey tone on aerial photograph and reddish grey to be on 
black and white images and dark red to dark grey on false color composite. The litho units are 
characterized by den denritic to sub-dendritic pattern and combination of rectangular and 
dendritic pattern. The Vindhyan super group of sediments are interpreted South West, of Jhansi 
City. It shows great diversity for water body or reserveior. The total characteristic of rocks 
exhibit the storage capacity of this group of rocks and so it resemble porous rocks The darker 
tone is characterized of great fracturing and fault bring into the strata so the rocks shows 
secondary porosity, which gives the ideal of good reservoir of water in the south west of the 
district Jhansi. The major tal and reservoir in the NW of the district may be due to the presence 
the Vidhyan super groups rocks. 
Bundelkhand Granite 
The major and extensive part of the Jhansi district is covered by the Bundelkhand 
granite. The tone, textural and other photo images after interpretation exhibit the all 
characteristic of this granite. The dark grey tone exhibit the course grained granitic rock and the 
texture of drainage is also uneven which reveals the textural characteristic of the Bundelkhand 
granite. The drainage pattern is not fully dentritic, which shows that the stream are not fully 
saturated with water or the water storage is poor in the area due to presence of lineaments, quartz 
reef in the SE part of the district the drainage pattern is commonly observed Geology in which 
were order streams form dentritic pattern white higher order streams constitute light grey tone 
exhibit the fracturing in the granitic rock but not very extensive fracture is observed. 
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STRUCTURAL FEATURES AND LINEAMENT 
General Statement 
As lithoiogical map has been prepared to demarcate the major lithological units and a 
land form map is prepared with the help of serial photograph and Land sat images have been 
studied in conjunction with the lithological map to understand the ground water potentiality of 
the different land form, similarly the structural map has been made to demarcate Fracture, 
lineament or joints if any with the help of Land sat images to estimate the ground water 
obsurdance in the hard rock terrain. 
STRUCTURE 
The structural confirmation of the area is concealed in most parts due to widespread 
blanket of alluvium. However bundelkhand granite, at places exhibit foliation, cleavage, joints 
shears, Fractures, Faults & lineaments. 
Fig-6 
Joint observed during field 
work near raj pur village 
JOINT/FRACTURE 
The granitic out crops exhibit will developed joints. The morphology are present in the area as 
tensile fi^ctures characterized by clean granular break. The fracture surface are planner and 
homogenous at places failure surface exhibits fracturing across the grain. The joints are mostly 
light at the deeper levels but at outcrop level those appear as open fractures. Geometrically these 
are systematic joints. On the basis of the inclination of the failure surface, these fractures very 
from sub-horizontal to sub-vertical joints. The open fracture af^ er filled by secondary clay at 
places. Some-times sweet-in type quartz veins have healed the fractures. The joints exhibit 
extreme variation in the azimuth and dip. 
LINEAMENTS 
The ground water abundance in hard rocks depends not only on rock types but also on the 
intensity of tectonic activity. The storrativity of a hard sock aquifer is of very complex nature as 
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the rock itself is impervious and the occurrence and movement of fracture system. In this context 
mapping of fracture & lineaments give a clue to the occurrence of ground water in hard rock 
terrain. 
LINEAMENT MAPPING 
Since the advent of remote sensing technology, various workers have emphasized the 
importance of aerial and satellite image in structural analysis, especially in the lineament-
tectonic mapping for ground water targeting (Boyer and Mc Queen 1964, Lattman & Parizek 
1964, Trainer & Elison 1967, Siddiqui & Parizek 1971). 
A lineament is a mappable, simple or composite linear feature of a surface, whose parts 
are aligned in rectilinear or slightly curvilinear relationship ad which differs distinctly from the 
pattern of adjacent feature and presumably reflects a sub-surface phenomenon (O'heary aet al 
1967). Lineament is not necessarily fracture in rock. In general fractures or lineament that 
localizes ground water have an expression ground surface. This has been represented by the 
topographic depression or different soil tone and vegetation anomaly. 
A lineament tectonic map of the area has been mapped and shown in fig showing the 
major and minor lineaments, faults in the district Jhansi of Bundel Khand granitic region, using 
imagery. 
The extension of lineaments to the south and south western part of the hard rock area. 
through the pediment zone has also been shown which exhibit that the river of Lakheri and other 
tributries are lineaments and the presence of pediment zone in the way of extension of lineament 
indicate that the water level to the Lakheri basin is very low the aquifer characteristic of that 
basin is of semi confined aquifer, so the prospects of groundwater is low in this basin of hard 
rock area. The quarts reef present in the fracture of granitic rock resists the water to pass from 
pore spaces. Here we find the bend storage co-efficient of hard rock like granitic rock. May be 
included the lineament having more than 150 meter length have been also considered for 
mapping . The longest lineaments picked up has 1730 m length with an orientation of E21 "S-
W21 TJ, extending between the village charhraudhawari toDogra village. It has een observed 
that the majority of the lineaments are oriented in N-E and SE direction i.e. they are parallel to 
the strike direction of the fault and are probably syngemetic and sympathetic fracture formed due 
to faulting. 
In different localities like Garautha, Guresarai, Chtragaon, Punch, the lineament and Joints are 
generally oriented E-W direction they are almost parallel and occur wide apart from each other, 
this indicates that they are tensional fracture. As tensional fracture is open in mature, they should 
form good conduits for ground water occurrence and movement. Weathering is prominent along 
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the fracture, which give additional opportunity for the accumulation of ground water. The places 
where tensional fractures get intersected are the ideal site for ground water targeting. For 
example, it is Sutta, four fractures with different orientation intersect each other Fig.7 .This 
appear to an ideal site for well location. In addition to this, buried pediment zones having 
intersection of fractures like village Raksa in the map are also ideal locations for ground water. 
The tensile fracture and joints are potential zones for ground water. 
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CHAPTER - III 
CHAPTER - III 
DATA SOURCES AND METHODOLOGY 
Recent advancements in remote sensing and its application technologies made it 
possible to use remotely sensed data for assessing vulnerability of urban areas 
and for targeting good potential zones of groundwater. 
In this present study the development and application of advanced technologies, 
notably, remote sensing and GIS, have viewpoint of delineation of groundwater 
potential zone in study area. The following data is used in present study. 
DATA SETS AND SOFTWARE USED 
Ancillary data. 
Ancillary data can provide topography, drainage, forest cover, slope, and cultural 
information of any area 
In present study, Survey of India No: 54 0/3, 1: 50,000 scales, toposheet has 
been used. The Survey of India toposheet the following information can be 
extracted: 
> Preparation of base map in 1:50,000 scales. 
> Preparation of drainage map in 1:50,000 scales 
Satellite data. 
Modem remote sensing system has the various are data products, which the 
help of various sensor. This data mainly imagery and digital data. Imagery 
helpful of preparation of thematic map as like geology, geomorphology, 
landuse and land cover, etc. by visual interpretation techniques.(tone, 
texture, shap, size, etc.) ,and digital data helpful for different type of image 
processing methods and techniques. 
In present investigation the following satellite data is used. 
> IRS-P6 LISS III Path-99 and Row-54 Digital Data and geocoded imagery 
acquired on on 1:50,000 scale 
Field data 
Meaningful interpretation of most remote sensed data is dependent on user 
knowledge of geography of study area. After field checking to verify remote 
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sensing data interpretation result is best. In Present study the field 
observations are as follows: 
> Rock samples collected across the nala cutting, hillside and dykes, Well 
inventory Data of Study area collected field work. 
> Verification of landuse/land cover, landform, major lineament. 
Software used. 
Software is essential and helpful to the users for editing and digital image 
processing techniques. 
> ERDAS 8.6 & 8.7, ARC View 3.2a,Saga, 
METHODOLOGY 
To get the standard and reliable result of any study work should be 
systematically planned and appropriate way (method) must be adapted. 
Methodology is a set of methods or ways in which the data are collected and 
utilized in decision making for particular field or purpose. The first step of 
methodology is to define the problem and then the data are collected according to 
the requirement of the study. A systematic approach involving multiple steps was 
followed to carry out the present work. It includes preparation of base map, 
generation of thematic maps using satellite data, ground truthing, laboratory 
analysis of water, land use/land cover analysis, land use/land cover change 
detection etc .shows major steps followed for the present study. 
Preparation of Base Map 
Base map was prepared on a tracing sheet no. 54 0/3 using Survey of India (SOI) 
topographic maps on 1:50,000 scale. The basic information such as latitudes, 
longitudes, major roads, railway line, important towns/city, major rivers, streams 
and water bodies were plotted on the base map. The base map was then 
superimposed on the IRS, geocoded FCC so that the important features on the base 
map overlay the features on the satellite data. Base map was used as a key map for 
subsequent thematic mapping based on remote sensing data. 
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Preparation ofPrainase Map: 
Drainage network was initially derived from SOI topographic maps on a 
tracing sheet No. 540/3 and subsequently updated using IRS-P6 LISS III FCC data 
of path -99 and row 54.The drainage map was scanned and geo-referenced with 
respect to the topographic maps and was subsequently imported in Arc- View 3.2 
GIS software for digitization and creation of drainage layer. Drainage was created 
using line coverage, assigning different unique ids for various stream orders during 
digitization. The drainage map was edited and digitization errors were removed 
using edit module in the Arc-View 3.2. 
In hard rock's terrain and undulating topography areas groundwater 
movement and occurrences are controlled not by lithological geomorphological, 
meteorological, geophysical and hydrological alone, but by a verity of other 
parameters including fractures, lineaments, drainage pattern and slope. Modem 
remote sensing systems have the ability to provide instantaneous views of the 
surface of the earth at different scales for selected wavelength of reflected and 
emitted radiation. With the right combination of filters and processing of the image 
data (band rationing, stretching, density slicing etc) selected type of information 
can be extracted from or enhanced image as well as on geocoded imagery. 
Since the main aim of the study (hard rock terrain) was to evaluate the surface and 
subsurface water potential of the region, the approach was to evaluate all the 
relevant factors viz., geological, geomorphological, meteorological, geophysical 
and hydrological, in detail. Remote sensing data was used to derive some of the 
input parameters and GIS was used as an analytical tool for integrated analysis. 
Integrating the information on these multiple aspects lead to identification and 
delineation of groundwater potential zones. 
Various thematic maps were prepared on 1:50,000 scales and integrated using 
ARC GIS and ERADAS package. The thematic maps used were: Lineament map, 
Geological map, Geomorphological map, and Landuse/cover map. 
Brief Methodology 
The brief methodology in the present studies comprises three stages of work 
namely. 
A. Laboratory work 
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B. Field work. 
C. Integration and analysis 
The following step by step procedure was adopted in identifying the 
groundwater potential zone of the study area. The following steps of methodology 
are discussed Below: 
> From the Survey of India (SOI) toposheet No.54o/3of l:50:000scales the 
Base map, Drainage maps have been prepared. 
> The various thematic maps such as, Lithological, Geomorphological, Soil, 
Land use/land cover, Lineament maps, were generated through visual 
interpretation methods from IRS-P6 LISS III Imagery (Band 2,3,4) hard 
copy on 1:50,000 scale. 
> Ground verification of interpreted data was carried out in the field and 
necessary modifications were made in the thematic maps. Also data on 
existing groundwater condition for open well collected in the field. 
> All the thematic maps were scanned and registered with references to a Base 
map. 
> All the thematic maps were converted into the vector format using 
digitization in Arc CIS and ERADAS software. 
> From the drainage and lineament map, its density, frequency and 
intersection maps have been prepared, it is georeferenced and digitized and 
calculated in ARC GIS software. 
> A Digital Elevation Model (DEM) representing spatial variation in altitude 
has been prepared from Contour map. 
> The weightage and ranks were assigned to the themes and units depending 
upon their influence for groundwater possible zone. 
> The maps were integrated by overlay technique using Geographic 
Information Systems (GIS) and Zones favorable for Ground Water Potential 
zones were delineated. 
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A; Laboratory Work. 
It includes the generation of final thematic maps after checking it on ground 
so that it gives the true information over ground condition. The first step thematic 
maps are prepared fi"om the Ancillary data and Satellite data on 1:50,000 scale on 
tracing paper with the help of visual interpretation key as (color, tone, texture, 
shape, size, pattern, and associated features) and light table. 
Satellite digital data were also used to delineate geology, 
geomorphology, soil, and landuse/cover and lineament network. Ancillary data 
used to preparation of base map, contour and drainage map. Second step all 
thematic map are scanned and digitized by ERDAS & ARC GIS. With the 
software help Drainage aspects, such as drainage density and drainage frequency, 
and also lineament density, firequency and intersection, slop map generated by 
softwere also studies. 
B; Field Work. 
The field work consists of ground truth verification of all factors and geology, 
Land use/ land cover, geomorphology and major lineaments studies and open well 
data collection, visit to field and seen land forms and conformation of litho units 
and taking photographs. And all the thematic maps are verified 
Fields methods 
At every site the field procedure below was followed:-
v^  Geographical location of the road intersection and nala cutting center and 
check dam was determined by a Global posifioning Systems (GPS) at an 
accuracy of less than 5 m horizontal. 
v^  Rock samples were collected across the nala cutting, hillside and dykes for 
laboratory analysis. 
^ Properties of the alluvium, soil and under laying parent material were 
recorded in notes and GPS. 
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C: Integration and analysis 
Thematic maps and relevant attributes such as, geology, landform, soil, Land 
use/cover, lineament pattern, drainage pattern, density, intersection intensity, 
slope, DEM and water table fluctuations were compiled from different 
sources such as field observations. Survey of India topographical maps, IRS 
Pan and LISS III imagery and satellite digital data. These maps were 
integrated for ground water potential zones with the help of software. 
The methodological approach presented in the flow cliart is described below: 
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METHODOLOGY 
Contour maps 
Base map 
Drainage map 
IRS P6 LISS 
CC Pata 
Lithological map 
Geomorphological 
map 
Landuse/ cover map 
Soil map 
Ancillary 
Data 
Conversion of 
Digital formate 
Scanning of all thematic maps 
Input to GIS software 
ERDAS/ ARC GIS 
Editing 
Topology creation 
Transformation and 
Field verification 
and data 
Lineament map 
Lineament freq. Map 
Drainage density map 
3 D perspective (DEM) 
Assigning weightages and rank to the all thematic maps 
Decision rules 
Rank Gr. Water prosp. 
Zones 
1 Poor 
2 Moderate 
3 Good 
Overlying of thematic 
Classified (1-5) 
Final Groundwater prospect 
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COMPONENTS OF A GEOGRAPHIC INFORMATION SYSTEM 
The various components of a GIS are: 
A. Data input and verification 
Data input covers all aspects of transforming data captured in farm of existing 
map, field observation and reason data into a compatible digital form. Wide range 
of computer is available e.g. VDO the digitizer, scanners, devices necessary for 
recording data already written on magnetic media such as deems tapes or disk. 
B. Data Management 
This subsystem converts the data from their existing forms into one that can be 
used by the GIS. The data input procedure can be as straight forward as a file 
conversion from one electronic format to another, or it can be complex. 
C. Data Base Management System. 
A data base management system (DBMS) is comprised of a set of 
programs that manipulate and maintain the data in a database. DBMS is developed 
to manage the sharing, of data in an orderly manner and to ensure that the integrity 
of the database is maintained. It acts as a central control over all interactions 
between the database and the application programs. 
D. Data Manipulation And Analysis 
it determines the information that can be generated by the GIS. The 
various possible operations on a GIS are: data input and data display, projection 
conversion, registration/image matching and re sampling of data. Arithmetic and 
Logical operations. Neighborhood operations and interpolation, overlay analysis 
and area analysis, proximity/corridor analysis, vector to raster conversion, 
windowing and clipping and modeling operations. 
(D)Data Output 
Data in a GIS are output in one of the three formats; Hardcopy, softcopy or 
electronic. Hard copy outputs are permanent, means of display and can be printed 
35 
on paper, Photographic film or similar materials Maps and tables are common' 
output in this format. Softcopy output is the format as viewed on a computer 
monitor, such as text or graphics output in electronic format consists of computer 
compatible files, which can be used to transfer data to another computer system. 
APPLICATION OF GIS IN GROUNDWATER EXPLORATION 
One of the major applications of GIS in groundwater exploration is the 
construction, of multiple data sets. The: aim of this study is to create a map 
showing areas favorably for artificial recharge structures based on the distribution 
of pattern of known groundwater occurrences. 
REMOTE SENSING APPLICATION IN GROUNDS WATER INVESTIGATION 
Water resources constitute one of the essential commodities contribution development of 
economy of a region, due to large fluctuations in the occurrence of water. Satellite remote sensing, 
constitute on important aspect for water resources studies which including both surface and 
groundwater resources studies. 
Satellite remote sensing data has proved vary useful-for the delineation of 
surface and ground water potential zones. Surface and ground water perspective 
zone mapping using remote sensing technology because the ground water is not 
directly visual on the earth surface. The information regarding ground water is 
derived through the data of sensing such as Multi Spectral Scanner (MSS), 
Thematic Mappers JM), IRS etc by interpreting the nature of the lithotomic unit 
present in the area, their structural disposition, geomorphic setup, surface water 
conditions, climatic factor of the area, vegetation cover and tectonic setting. 
The ground water resources study of any region through remote sensing 
technique is rather more complicated as compared to surface water. This 
technology is being utilized extensively to the narrow down areas for ground 
water targeting in remote sensing survey for the ground water, hydro 
geomorphological units are identified. 
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The most common procedure that is followed for obtaining various thematic 
details from the -satellite imagery includes processing of the digital data, 
rectification of the data and various enhanced data are generally prepared for 
further interpretation purposes. The analyzing of various image interpretations 
consists of studying the photoproducts of the scene using light table or optically 
corrected Projector. The digital methods of analysis on image through replication 
of pattern recognition method, using computer practical applications of the Remote 
sensing technique in the ground water investigation including visual method of 
interpretation which invariable consists of identification and delineation of 
geologic and geomorphic feature. Rock formation can be identified from the 
remotely sensed data with the help of Photo recognition element such as tone, 
texture pattern, shape, size and association. Geotechnical elements such as land 
forms, drainage texture, drainage pattern, vegetation pattern, soil pattern and 
erosion pattern. 
ANCILLARY DATA OR SECONDARY DATA OR GROUND TRUTH 
DATA 
Ancillary data or secondary data or ground truth data greatly increases the 
interpretation accuracy of remotely sensed data by enabling verification of the 
interpreted details and by supplementing much of that information which can not 
be obtained from the satellite imagery 
Ground truth or ground investigation form an important and integral part of 
the interpretation methodology of remotely sensed data. Ground truth is attributed 
to collection verification and measurement of information about different surface 
features on the earth, which are responsible for occurrence of the specific spectral 
reflectance behavioral pattern. 
Ground truth mainly, depends upon the specific job requirements, types of 
studies, extend of doubtful areas, doubtful litho units, structures and land forms, 
terrain, condition, classification accuracy requirements etc. However, good quality 
satellite data (more contrast and cloud free) interpretation skill, experience and 
knowledge of the area under study can minimize ground truth. 
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In the present study, a through, field work have been carried out in the 
study area, which include verification of every litho-unit marked on satellite 
imagery, various structural attitude of beds, faults, folds major lineament were also 
identified by establishing their signatures. Sympathetic lineaments were also 
determined for correlating them with the major lineaments mapped from the 
satellite imageries. The landforms interpreted from the satellite image were also 
verified an the ground and their association with different lithounits have also been 
established. The joint pattern in different litho units has been worked out and the 
attitudes are determined. In addition to this, various primary structures present in 
the lithounits where also studied. Ground truth information collected during field 
visit. 
The following thematic map have been generated during the course of 
Survey of India toposheet study a Image interpretation 
1. Base Map 
2 Drainage Map 
3 Lithological Map 
4. Geomorphological Map 
5. Land Use/Land Cover Map 
6. Hydro geomorphological Map 
7. Ground Water Potential zones map 
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Fig-8 Satellite data(IRS P6 LISSIII) of the study area 
39 
APPLICATION OF REMOTE SENSING IN GROUNDWATER 
EXPLORATION 
The remote sensing techniques have proven their worth in exploring the 
groundwater resources very well on account of its cheaper cost, large information 
and storage capacity etc. The geomorphology and study of fracture pattern (in hard 
rock areas have become the powerful aiding tool in obtaining the information 
about the hydrogeologic properties of the formations. The major advantage of this 
technique is that the groundwater surveys are conducted in a relatively shorter time 
that that of conventional methods. 
Aerial photographs were used for groundwater exploration for the first time 
in the year of 1950 with the successful launch of Landsat-I on 23"^ ^ July, 1972, it 
has become possible to map the potential zones of groundwater with the help of 
satellite image. Hawe, R.H.L. (1958) has given the procedures to apply air photo 
interpretation in locating the groundwater. The basis for hydromorphologic 
mapping in various areas viz mountainesous, alluvial, hard-rock and coastal terrain 
is described by Roy, A.K. (1972, 1976, 1979) and Sharma, S.K. et. Al. (1975), 
Sharma (1984) described the procedures of groundwater studies and made a survey 
of remote sensing applications over fissured formations of the Indian Peninsular 
shield. Boy (1984) described the main trends of air-borne and satellite remote 
sensing applications for ground water exploration as, 
(i) Mapping of drainage and drainage network analysis. 
(ii) Mapping of landforms land use and changes therein. 
(iii) Geologic and structural mapping vis-a-vis groundwater controls, (iv) 
mapping vegetation and drainage anomalies as indicators for 
groundwater (v) evaluation of soils (hydrologic soil groups) and soil 
moisture conditions and (vi) delineation of groundwater potential zones 
based on geologic as well as landscape indicatory studies 
(hydromorphogeology). 
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Interpretation of aerial photographs with gound truth data provides adequate 
information about the hydrogeologic properties of the rock formation; false 
color composites and Thematic Mapper data appear to be most useful for the 
mapping of hydrogeomorphological units. Thermal infra-red images also used 
to map the temperature variation of ground surface enable to evaluate the 
groundwater resources. The moisture content of the rock can be mapped by the 
radar images, gives possible clues about the hydrogeological properties of the 
formations. 
From the proceeding discussion it appears that the knowledge of geology 
and structure, geomorphology, landform, drainace, vegetation, climate of the 
area, land use, lineaments and their intersection (in case of hardrocks) is 
required in order to evaluated the groundwater resources to have maximum 
desired information through the integrated approach. 
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CHAPTER - IV 
CHAPTER - IV 
GEOMORPHOLQGY AND LANDUSE /LANDCOVER STUDIES 
General Statement: 
Geomorphic study of Jhansi area; In Uttar Pradesh was carried out through 
photo-Interpretation techniques, in an attempt to establish correlation between land forms and 
hydrogeology, with the ultimate adjective using geomorphic unit as quide for a ground water 
development. The study represents an account of the constructional and erosional land forms. 
their photo-character and geo-technical signatures. 
Geomorphic Units: 
The area has been delineated into six major geomorphic units. Homogeneity in 
the level of erosion, genetic and temporal correlation and slope characteristics within the zone 
have been used as parameter for the delineation of zonal boundaries. 
Table-2 Geomorphic units with their description & Ground water properties 
TABLE:-2 
MAP UNIT GEOMORPHIC UNIT DESCRIPTION GROUND WATER 
LR Linear Ridge of 
Quartz 
Steep-sloping 
trending NE-SW 
Forming natural 
Water barriers 
Poor 
BPP-D Deeply buried, 
Weathered pediplain 
Over Granite 
Thick Occurrence 
of soil, flat 
Cultivated Lands, 
Good to excellent 
BPP-M Moderetly Weathered 
Buried pediplain 
Flat terrain 
with moderate 
Moderate to Good 
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Over Gran its erosional 
Surface spacely 
Vegetated 
BPP-S Shallow weathered 
Buried pediplain 
Over Granite 
Flat terrain 
with low lying 
Areas and thin 
Soil cover. 
Poor to Moderate 
P-1 Pediment Inselbergs 
Complex over Granite 
Gently sloping 
broad erosional 
Surface or plain 
Of low relief 
With Hillock of 
Granite 
Poor 
RH Residual Hill Hill formed by 
the debris of 
rock at that 
place of wreathing 
Poor 
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Fig-9 Geomorphological Map of Study Area 
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MORPHOLOGY OF THE GEOMORPHIC UNITS AND ELEMENTS: 
Land form characteristic around Jhansi district and their rivers vallies, their 
composition and spatial distribution have been described in Geomorphic unit description in 
TabIe-3 The actual disposition of the geomorphic elements spatially associated with different 
geomorphic units has been presented in Fig-
LINEAR RIDGE: 
This unit represents the NE-SW trending quartz-reefs. It is linear, elevated 
and sharp at the crest. The reefs act as a barrier for ground water movement and often form 
favorable sites on the up gradient side for the occurrence of ground water. The granite outcrops 
occurs as linear-ridge when the quartz is intrude in between the fracture zone and forms reefs, 
near the Mauranipur at the site of Dhasan river basin. However the reefs themselves are not 
suitable for occurrence of ground water. The presence of lineaments is an Important factor to be 
considered specially when it posses through the pediments. However the lineaments occurring in 
the pediment residual hill complex region were found dry. As at Mauranipur region of Jhansi 
district is dry, the aquifer property for this area is not suitable for water potential. 
DEEPLY BURIED PEDIPLAIN: 
This unit is represented by BPP-D in Map (Central highly eroding composite 
plain, NRSA, 1980), lying in the eastern part of the Jhansi town is characterized b its reddish 
color, cultivated field, smooth texture and poor drainage patter. The Infiltration rate is high & 
thus excellent ground water recharge takes place. The Buried-pediplain near Barwar main canal 
joining Lakheri River, (a tributing of Dhasan) near Garautha, (eastern part of the district) is 
prominent, for Ground water potential. Here ground water occurs in weathered mantle and in 
joints and fractured granitic rocks of this area. Such area is also located in lineaments zones. 
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MODERETLY BURID PEDIPLAIN: 
This unit occurring in North-East and Nortii-West part of the Jhansi City is 
characterized by reddish color due to cuUivated lands, smooth texture and fine drainage pattern. 
It has got moderate to excellent infiltration capacity and thus has good recharge to ground-water. 
SHALLOW BURIED PEDIPLAIN 
The unit BPP-S has been interpreted on the basis of its whitish red colour, 
sparse vegetation, smooth texture and moderate drainage Pattern, this unit is mainly observed in 
the southern part of the district and at places in patches in the northern part. It has low to 
moderate infiltration capacity and thus has moderate recharge to ground water, The area where 
the shallow buried pedi-plains (BPP-S) were observed prominent are Jhansi-Gwalior railway line 
near Pahuj reservoir & near Babina town, in Jhansi Dist. It is mainly observed on the Jhansi-
Lalitpur road side. 
PEDIMENT/INSELBERG COMPLEX: 
These two unit as observed and combined in a single unit as the pediments is the low 
relief plain in and to semi-grid region due to erosion, at the base of abrupt hilly front. Sometimes 
a linear residual hill may develop abruptly from a low land erosion surface. These were 
occurring widely in the district and interpreted on the basis of its reddish-white color, almost no 
vegetation, uneven texture, and typical dendritic drainage. The rocks are contact hard and poor in 
primary porosity and thus have poor recharge of ground water. It raises to an elevation of 190 
meters above mean Sea level the top. 
SHALLOW BURIED PEDIPLAIN 
The unit BPP-S has been interpreted on the basis of its whitish red color, sparse 
vegetation, smooth texture and moderate drainage Pattern, this unit is mainly observed in the 
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sourthem part of the district and at places in patches in the northern part. It has low to moderate 
infiltration capacity and thus has moderate recharge to ground water, The area where the shallow 
buried pedi-plains (BPP-S) were observed prominent are Jhansi-Gwalior railway line near Pahuj 
reservoir & near Babina town, in Jhansi Dist. It is mainly observed on the Jhansi-Lalitpur road 
side. 
PEDIMENT/INSELBERG COMPLEX: 
These two unit as observed and combined in a single unit as the pediments is the low 
relief plain in and to semi-grid region due to erosion, at the base of asrupt hilly front. Sometimes 
a linear residual hill may develop abruptly from a low land erosion surface. These were 
occurring widely in the district and interpreted on the basis of its reddish-white colour, almost no 
vegetation, uneven texture, and typical dendritic drainage; The rocks are compact hard and poor 
in primary porosity and thus have poor recharge of ground water. It raises to an elevation of 190 
meter above mean Sea level. The top of the Inselberg is relatively reunoi flat defined by 180 
meter contours. At bara Gaon, the granite forms two Isolated Inselbergs emerging from beneath 
the month of the weathered granite, under the streo- model. It is recognized by the sleep slopes, 
medium drainage & spores bushes etc. 
PEDIMENT ZONE: 
Isolated occurrence of pediments has been recorded around the Jhansi & Lalitpur. 
The geomorphic unit has a horse-shoe shapes boundary outline, extending from Raksa to 
Lalitpur, covering from the area of several sq km. The pediments has been buried by soil 
alluvium and colluvium and vs characterized by soil alluvium and colluvium and vs charactersed 
by moderate slope 5° to 13°. The slope is radially disposed with respect to Jhansi-Lalitpur 
Inselberg under the steromodel the pediment is characterized by sloping land forms, having 
radial slopes with centrifugal surface drainage. 
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MEANDER SCAR 
The spatial disposition of channel or scar North-East of Jhansi district suggest east 
ward migration of the Betwa river during recent geometrical post. 
RESIDUAL HILL: 
It has been also observed with the pediment and Inselberg with same tonal, textual 
quality with denritic drainage pattern. It has been observed very rare in the South-Eastem part of 
the district near South of Mauranipur. It has poor ground water recharge capacity due to absence 
of lineaments, paleochannels meader scars and point bar etc. In streomodel. It is recognized by 
medium grey tone, steep slopes, uneven texture and coarse external drainage. 
Typical Land form observed 
1. Old Meander 
2. Meander Scar 
3. Paleochannels 
Old Meander & Meander Scar: 
It is one of a series of sinuous curves or loops in the course of a mature stream, 
produce as the stream swings from side to side in flowing across its flood-plains or shift its 
course towards the convex side of the coridinalcurve. It is the major associated land form in the 
district, which help in deciding ground water prospects. It is observed in the way of Betwa river, 
as its changes its path, & now flowing to the shortest route, by cutting that path, which is called 
meander scar. It is observed near Punchh, some distance before, where Betwa & Dhasan river 
met. It clearly been in the satellite imagery . 
Paleochannels: 
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The old courses of the Betwa & Dhasan river have een picked up under the streao ~ 
models. On either sides of the Dhasan Lakheri and Betwa river. In the Jhansi district the width of 
these channels are very from 200 meters to over 450 meter. At times, part of these channel have 
been occupied by the present day drainage which occurs as misfit stream. The development of 
Paleochannel on either bank of Dhasan or Betwa, possibly indicate lateral migration of the 
Betwa river. The pale channel in Dhasan terrace appears to be in the hydraulic continuity with 
the Betwa river and can be the possible for the ground water development. 
Landuse/ landcover Studies 
Land use is the human use of land. Land use involves the management and modification 
of natural environment or wilderness into built environment such as fields, pastures, and 
settlements. It has also been defined as "the arrangements, activities and inputs people undertake 
in a certain land cover type to produce, change or maintain Land cover is the physical material at 
the surface of the earth. Land covers Include grass asphalt, tree, bare ground, water etc. Land use 
is dynamic phenomena and both, its values and pattern changes spatially and temporally with 
varying efficiencies, priorities and needs (Bisht and Tawari, 1996). Land cover is an important 
input parameter for agricultural, hydrological and ecological models which constitute necessary 
tools for development, planning and management of natural resources (Shetty et al., 2005). 
Application of remote sensing in Land use/Land cover studies 
Application of remote sensing data made it possible to study the changes in land cover in a time 
and cost effective manner in association with Geographical Information system (GIS) which 
provides suitable platform for data analysis, update and retrieval (Kachhwaha, 1985; Star et ai., 
1997; McCracker et al., 1998; Chilar., 2000). Remote sensing and GIS provides efficient 
methods for land use planning and management. Land use map can be prepared by conventional 
method but is low in accuracy, time consuming, expensive, presents a picture of small area and 
ground survey may be tedious in some areas (Jaiswal et al., 1999). Changing Land use pattern 
requires frequent updating of the existing land use and land cover maps especially in developing 
region where they often outdate rapidly (Rogers et al., 1997). Remote sensing has been adopted 
as a modern technique for land use/land cover mapping because it provides detailed, cost 
effective information and accurate means of measuring the areal extent and pattern of change in 
landscape conditions over time (Miller et al., 1998; Defries and Belward, 2000). Land use/land 
cover maps are developed from local to national to global scales. S ince 1940s the use of 
panchromatic, medium scale aerial photograph to map the land use has been accepted (Lillesand 
et al., 2004). 
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Land use/land cover mapping: 
Land use/land cover maps were prepared from IRS Satellite data by visual interpretation 
method based on photo - recognition elements such as tone, texture, shape, size, association, 
drainage, landforms and vegetation etc are used to delineate and identify 7 land use/land cover 
categories. Following land use/land cover categories were delineated in the study area. 
Open scrub 
Agricultural land 
Uncultivated land 
Wasteland 
Rocky barren/stony waste land(Ridges) 
Settlement/Bui Itup 
Water Body 
Each land use/ land cover category in the satellite data is recognized and delineated on 
the basis of its unique image characters and field knowledge.. Open scrubs is identified by its 
pink to light yellow tone, coarse texture, scattered pattern and irregular shape. Agricultural land 
displays light green tone with smooth texture, haphazard pattern and regular to sub-regular shape 
confined in and around settlements whereas uncuUivated land exhibits light brown to light 
yellow tone, medium texture, non-contiguous pattern and irregular outline.. Wasteland displays 
bright tone due to high reflectance, smooth texture, and scattered pattern with irregular boundary 
outline. Rocky/stony waste land area is identified by its greenish to brownish tone, with coarse 
texture, irregular outline and associated with moderate to high relief and represents bold 
topography. Settlement and builtup land is recognized by Cyan to light grey tone, coarse texture, 
checkered pattern and regular to irregular outline having sharp contact with adjoining land use 
categories.. Water body gives black to blue tone due to the absorption of incoming 
electromagnetic radiation infra red band, represents smooth texture, and irregular but sharp 
outline boundary contact with adjacent land use classes. 
Present Study 
IRS - P6 LISS III geocoded FCC (path - row: 99:54) been used for land use/land cover 
mapping. The analysis of 2010 data shows that study area is mostly occupied by four major land 
use/land cover categories i.e, Agricultural land, uncultivated land ,waste land. The most 
dominant land use/land cover category is Agricultural land which constitutes about 243.73 km' 
(52.15%) area, followed by uncultivated land which covers 104.57 km" (22.37%) area. Open 
scrub in the study area occupies 33.47 km^ (7.1%) area distributed along the main rivers Lakheri 
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river in the study area.. Waste land covers about 72.17 km^ (4.26%) area mostly in south and 
north east parts of the area. Rocky/barren area covers 7.60 km^ (15.44%) on the north eastern 
and north western part. Settlement^uilt-up is occupy 1.35 km^ (0.289%) area. Ridges occupy 8.9 
km^(1.9%) in the south western part of the study area and water body occupy 3.1 km^(.66%) in 
the present area. 
The image characteristics of each land use/land cover category are given in Table -3 
Land Use/Land cover 
Class 
Open Scrub 
Agricultural land 
Uncultivated Land 
Waste land 
Rocky barren/ stony 
wasteland 
Settlement/ Builtup 
land 
Water body 
Tone 
Pink-Light 
Yellow 
Light Greenish 
Light brown-
Light Yellow 
Bright 
Greenish-
Brownish 
Cyan-Light 
grey 
Black-Blue 
Texture 
Coarse 
Medium 
Medium 
Smooth 
Coarse 
Coarse 
Smooth 
Pattern 
Scattered 
haphazard 
Non-contiguous 
Scattered 
Linear 
Checkered 
Contiguous 
Shape 
Irregular 
Regular-Sub 
regular 
Irregular 
Irregular 
Irregular 
Irregular 
Irregular 
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Table:4 Landuse /landcover statics statics in the present Study Area 
Land use/Land cover 
Categories 
Open scrubs 
Agricultral Land 
Uncultivated land 
Waste Land 
Rocky barren/ stony waste 
Settlement/ Builtup 
Water body 
Total 
Area in (Km )^ 
33.47 
243.73 
104.57 
72.17 
8.9 
1.35 
3.10 
468.14 
Area in (%) 
7.1 
52.15 
22.37 
15.44 
1.9 
0.289 
0.664 
100 
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Fig -10 Landuse/Landcover map of study area 
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CHAPTER - V 
CHAPTER-V 
GROUND WATER POTENTIAL ZONES 
PHOTO-GEQMORPHIC TECHNIQUES FOR WATER TARGETTING 
General Statement 
Semi arid areas like the Bundel Khand region in the state of Uttar Pradesh often 
experience acute shortage of water both for drinking and irrigation purposes. The region has 
varied geology and topography. The common feature controlling the occurrence and movement 
of the ground water are perious rock, fractured and weathered mantle, quartz reefs, dykes and 
soil thickness (ManKhand et al. 1981, Seelan, 1983). Jhansi city and districts are located in 
undulating granitic terrain. The drinking water requirement of the area is met through a 
combination of surface water schemes, dugweils, tubewells and hand pumps. The rapid growth 
in population and industrial development of the district has led to a severe water crisis. To 
establish the ground water potentiality in Jhansi city and adjoining area, an attempt has been 
made to study the ground water conditions through satellite imagery. 
Qualitative and quantitative geohydrological studies carried out in the area around Jhansi, reveal 
two types of aquifers namely granitic and alluvial aquifers. The granitic aquifers have low 
potentiality whereas; alluvial aquifers exhibit potentiality from poor to highly potential area. 
Presents the quantitative potential of the geohydrological units and their grandulometric 
parameters. 
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Fig:-11 Ground water potential zone of the study area 
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TABLES GEOHYDROLOGICAL UNITS AND THEIR CHARACTERISTICS 
S.No. Geohydrological Unit 
Highly potential Area 
Potential Area 
Fairly Potential Area 
Moderately Potential Area 
5 i Poorly Potential Area 
Discharge in litres 
per hour 
70,000 to200,000 
50,000 to 70,000 
25,000 to 50,000 
10,000 to 25,000 
1,000 to 10,000 
Aquifer characteristic 
Medium to coarse sand 
at places very coarse 
associated with gravels 
(including abandoned 
channels) 
Medium to fine sand 
with Kankar at places 
coarse sand 
Fine sand, and kankar 
mixed with silty clay 
Fine sand, clay and 
kankar as well as 
weathered granitic 
residuum 
Fractured and jointed 
granite with little 
weathered granitic 
residuum 
The potentiality index of the area has been correlated with the geomorphologici surfaces 
and units within them. A correlated review of the geomorphological and hydrogeological maps 
reveals a general correlation between potentiality index and the geomorphic features. The areas 
occupied by Residual hills and Inselberg complex will have poor potentiality for water targeting. 
The areas occupied by Lakheri Surface characterized by fluvial terraces, meander scars and 
palaeochannels will have a potentiality of 50,000 to 70,000 litres per hour. The areas occupied by 
Dhasan surface will exhibit ariable potentialities. A general correlation between surface drainage 
and hydrogeological potential of the area reveals that the areas with higher drainage densities 
will have relatively low potential, ranging from (10,000 to 25,000) litres per hour, whereas areas 
with low drainage density will be potential to highly potential with a range of (50.000 to 
200,000) litres per hour. 
Taking the above correlation between the geomorphological features and the water potentiality 
of the area, it can be generalized that wter targeting can be attempted through photo-geomorphic 
56 
interpretation techniques in tlie Jhansi area. The areas comprising the inselberg complex and 
residual Hills will provide poor aquifers. Linear ridge and buried pediplain will be potential. The 
areas representing the buried pediplain having low drainage densities will be potential areas for 
well site selection in this hard rock terrain. Jhansi area is representative of the BundelKhand 
granitic province. The geomorphic and geohydrological parameters established at Jhansi can be 
extrapolated for water targeting in the adjacent hard rock area. 
Geohydrological Units: 
For the purpose of geohydrological mapping, the water potential zone and Depth to water level 
maps has been prepared. The maps exhibit two type of aquifer zone based on their water bearing 
characteristics viz. Granitic aquifer and alluvial aquifer. Granitic aquifer comprised the 
BundelKhand granite and its weathered mantle. The alluvial aquifer comprise quartemary 
sediments of Lakheri alluvial formation, Betwa terrace deposits and recent Lakheri Flood plain 
deposits. 
Granitic Aquifer: 
The granite below the zone of weathering occurs as hard non-porous and impermeable 
mass, with poor water yielding capacity. Locally fracturing are present, which provide 
permeability for the occurrence and movement of groundwater. The water carrying capacity of 
the litho-unit is dependent on the incidence of fractures as well as their spacing, disposition. 
The vertical lineation serve as channels for groundwater movement to the depths while the 
inclined and sub-horizontal fractures control the spatial spread of groundwater in the area. Most 
of the lineation are open at the surface but they progressively tighten at depth, this reduces the 
water bearing capacity of the fractures beyond the depths of 60 to 80 meters in the area. Thus for 
the construction of wells, the granites are poor units. Wherever it is absolutely necessary to 
construct a well in the rocky terrain, it will be advisable to locate the wells in the zones with high 
incidence of fractures and the wells should be of large diameters, so as to tap large surface area 
of the saturated zone. The possibility of water beyond a depth of 60 to 80 meters in the granitic 
outcrops will be remote. Therefore construction of wells deeper than 60 to 80 meters should not 
be attempted in this geohydrological unit. 
The granite near the surface has got a weathered mantle which is buried below the alluvial cover. 
The thickness of this weathered zone is extremely variable. It is few centimeters near the 
inselbergs and reaches up to 6 to 8 meters in areas beyond the inselberg complex. The weathered 
granite has variable percentage of clay and fracture incidence, which are reflected by in 
homogeneities in the porosity and permeability of the weathered granite. The porosity ranges 
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from (5-25%). The granitic aquifers having high porosity and permeability provide good aquifer 
zones for groundwater development in the area around Grautha & Erich. 
ALLUVIAL AQUIFER: 
The alluvium exhibits variable thickness due to uneven basement topography in the area. The 
maximum thickness recorded in the area is around 80 meters. The litho logs of the tube-wells 
and hand-pumps constructed in the area have provided valuable in formations in respect of the 
local relationship of superposition and rhythm of sedimentation. 
The alluvial cover in the area comprises clay, sand and gravel with calcareous concretions in 
between. At places the alluvium rests directly over the granite.. For hydro geological purpose the 
alluvium has been separated into clay layers and granular zones with thin clay lenses. The 
granular zone comprises coarse clast derived from weathered granite residuum and fine sand 
mixed with clay. 
GROUNDWATER CONDITIONS IN THE STUDY AREA 
The granitic and alluvial aquifers delineated in the area on the basis of the subsurface 
geohydrological exploration exhibit variable water bearing capacities. 
GRANITIC AQUIFER 
The granitic aquifers comprise weathered granite and hard un decomposed granite basement. The 
granite has little water carrying or conducting capacity and generally forms aquifuge. Locally 
where secondary porosity and permeability has been generated by the fracture pattern in the 
granite, it provides local aquifer zones. The weathered granite forms good aquifers except where 
interstices and fracture planes are filled with clay. The groundwater in the granitic aquifers 
occurs under unconfined conditions in fresh granite along fractures. In area where the weathered 
mantle of the granite forms the aquifer and is overlain by clay layers of the alluvial units, the 
water occurs under semi-confined conditions. 
ALLUVIAL AQUIFERS 
The alluvium has layers of clays and interstratified granular zones. The granular zones 
comprise gravel and sand with admixture of clay and kankar. The clays in the alluvial aquifers 
are sticky and plastic comprising kaolinite, illite, montmonillonite in various proportions. They 
have got a small storage coefficient of 0.0002. The granular zone occurs below the surface of 
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saturation and forms excellent aquifers, in the Quaternary sediments of the Lalcheri surface, 
Betwa terrace deposits and recent Lakheri flood plain deposits. The granular zones occur at 
different stratigraphic levels in the area. The groundwater occurs in the granular zones in the 
southeastern and western part of the area under semi-confined conditions. However south Jhansi, 
because of the presence of aquicludes over the granular zones, the aquifers are under confined 
conditions (peizometric). 
DEPTH TO WATER LEVEL 
Pre-monsoon measurements of depth to water level were carried out in the area . The depth to 
water level varies from 6-8 meters. A comparative study of depth to water level in relation to 
geomorphological units reveals interesting correlation. The water level is deep in the geomorphic 
surfaces and units defined as Betwa surface and residual hill and Inselberg complex. The depth 
to water level is surprisingly shallow i.e. 4 meters to 6 meters in the areas occupied by 
rippadhamna surface and buried pediplain zone and depth 8-9 meters found in the central part of 
the study area.fig-depth to water level. 
59 
79 0 79 15 
?5 30 25 3C 
15 15 25 ie 
79 0 79 15 
6 Kilometers 
Depth to water table 
fSSSS^ 6-8 meter 
^ ^ 4-6 meter 
[mS] 8-9 meter 
6-8 meter 
Fig-12 Depth to Water level in the Study area 
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CHAPTER - VI 
CHAPTER - VI 
MORPHOMETRIC ANALYSIS 
Morphometry is the measurement and mathematical analysis of the 
configuration of Earth's surface, shape and dimension. Of its landforms 
(Clarke, 1996). This analysis can be achieved through measurement of linear, 
aerial and relief aspect of basin and slope contribution (Nag and Chakraborty, 
2003). Earlier morphometric analysis using Remote Sensing techniques .has 
been well attempted by "Shrivastava" & "Mitra"(1965) Shrivastava(97),Nag 
& Agarwal(98) all have arrived to the conclusion that R.S tech. has emerged 
as a powerful tool for the morphometric analysis in the recent yr. R.S 
tech.using satellite images has the ability Of obtaining synoptic view of large 
area at one time & very useful analyzing the drainage morphometry . 
METHODOLOGY: 
In the present study, morphometric analysis in Lakheri River Basin is based 
on the integrated use of remote sensing and GIS techniques. The remote 
sensing data pertaining to IRS-P6 LISS III Path-99 and Row-54 (Toposheet 
No. 54 0/3) resolution on 1 -.50000 scales is used. The satellite images is geo-
referenced & interoperated using image processing software ERDAS imagine 
(8.6).The drainages are delineated using satellite data of FCC of bands- 234 
on 1:50,000 scale & SOI toposheet is used as reference. Image enhancement 
techniques were applied for better interpretation of drainage from images. The 
digitization of dendritic drainage pattern was carried out in GIS environment. 
In the present study morphometric analysis for the parameters namely stream 
order, stream length, biftircation ratio, stream length ratio, basin length, 
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drainage density, stream frequency, elongation ratio, circularity ratio, form 
factor, relief ratio, etc. has been carried out using mathematical formulae. 
ASPECTS 
Linear- Stream order, stream length, mean stream length, stream length 
ratio. 
Relief- Relief ratio, basin length, total relief 
Aerial- Drainage density, stream frequency, drainage texture, form factor, 
circularity ratio, elongation ratio, length of overland flow. 
METHODOLOGY ADOPTED FOR COMPUTATIONS OF 
MORPHOMETRIC ANALYSIS 
Table -6 
SI 
no 
1 
2 
3 
Morphometc 
parameters 
Stream Order 
Stream 
Leanth(Lu) 
Mean stream 
Frmula 
Hierarchial Order 
Leanth of stream 
Lsm=Lu/Nu 
Rrference 
Strahler(1964) 
Horten(1945) 
Strehler(1964) 
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4 
5 
6 
7 
8 
9 
10 
leanth(Lsm) 
Stream lenth 
ratio (RL) 
Bifurcation 
ratio(Rb) 
Mean bifurcation 
ratio(Rbm) 
Relief Ratio(Rh) 
Drainage 
Density(D) 
Stream 
fi-equency (Fs) 
Drainage 
Texture(Rt) 
Where. Lsm=Mean stream 
leanth 
Lu=Total stream length of 
order 'u' 
Nu=Total no of stream 
segment of order 'u' 
RL=Lu/Lu-l 
Where, Lu=Total stream 
lenth of order 'u', Lu-1= 
The total stream leth of its 
next lower order 
Rb=Nu/Nu+l 
Where,Nu=Total no.of 
stream segment of order'u' 
Nu+l=Number of segmet 
of the next higher order 
Rbm=Average of 
bifurcation ratio of all 
orders 
Rh=H/Lb 
Where,H=Total relief of the 
basin in km. 
Lb=Basi lenth 
D=Lu/A 
Where,Lu=Total stream 
length of all order, A=Area 
of the basin 
Fs=Nu/A 
Where,Nu=Total no. of 
stream of all order 
A=Area of the basin (km^) 
Rt=Nu/P 
Where, Nu=Total no. of 
Horten(1964) 
Shumn(1956) 
Strehler(1957) 
Shumn(1956) 
Horten(1932) 
Horten(1932) 
Horten(1945) 
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11 
12 
13 
14 
Form Facter(Rf) 
Circularity 
Ratio(Rc) 
Elongation 
Ratio(Re) 
Length of 
Overland 
flow(Lg) 
stream of all order 
P=Perimeter(km) 
Rf^A/Lb' 
Where,A=Ara of 
Lb =Square of the 
length 
basin, 
basin 
Rc=4*pie*A/P^ 
Where, A=Aria of the basin 
P^=Square of the 
perimeter(km) 
Re=2(A/Pi)"'/Lb 
Where, A=Area of the 
basin 
Lg=l/2D 
Where,Lg=Length 
overland flow 
D=Drainage Density 
of 
Horten(1932) 
Miller(1953) 
Shumn(1956) 
Horten(1945) 
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79 0 7915 
25 30 
2515 
25 30 
2515 
79 0 7915 
10 Kilometers Legends 
I I Watershed boundary 
/Sj 1st order 
/Sj 2nd order 
/ \ / 3rd order 
/ \ y 4th order 
/ \ / 5th order 
J J Water body 
Fig-13 Drainage map of Study Area 
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RESULTS OF MORPHOMETRIC ANALYSIS; 
Stream orders: Table-7 
I 
142 
II 
64 
III 
9 
IV 
3 
V 
1 
Stream Length (Lu) km. 
Table-8 
I 
104.992217 
II 
58.218225 
III 
15.3686635 
IV 
14.484846 
V 
5.5683935 
Mean stream length (Lsm) km. 
Table-9 
I 
0.7393818 
1 
II 
0.90965976 
6 
III 
1.70762927 
8 
IV 
4.82828 
2 
V 
5.568393 
5 
Stream length ratio (RL) 
II/I 
0.554500387 
Ta 
III/II 
0.263983718 
ble-10 
IV/III 
0.942492234 
V/IV 
0.384428906 
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Bifurcation ratio 
Table-11 
I/II 
2.21875 
II/III 
7.111111111 
III/IV 
3 
IV AA 
3 
Table -12 
Mean Bifurcation Ratio(Rbni) 
Drainage Density(D) 
Stream Frequency(Fs) 
Drainage Texture(Rt) 
Form Factor(Rf) 
Circularity Ratio(Rc) 
Elongation Ratio(Re) 
Length of overland flow(Lg) 
3.832465278 
0.424297072 
km"' 
0.467804268 km"^  
2.663254215 km'' 
1.013789729 
0.870266425 
0.222069131 
1.178419633 km 
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Basin shape 
Compactness coefficient 
Constant channel Maintenance 
Basin length in km 
Area in sq Km 
Perimeter Km 
Relief ratio 
Ruggedness no. 
0.986397842 
1.072122994 
2.356839265 
21.488991 
468.14451 
82.2302275 
0.004949378 
18.23543194 
LINEAR ASPECT 
STREAM ORDER-
In the drainage basin analysis the first step is to determine the stream orders. In the 
present study, the channel segment of the drainage basin has been ranked 
according to Strahler's stream ordering system. According to Strahler (1964), the 
smallest fingertip tributaries are designated as order 1. Where two first order 
channels join, a channel segment of order 2 is formed; Where two of order 2 
joins, a segment of order 3 is formed; and so forth. The trunk stream through 
which all discharge of water and sediment passes is therefore the stream 
segment of highest order. The study area is a 5th order drainage basin. The total 
number of 219 streams was idenfified of which 142 are l" order streams, 64 are 2"'' 
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order, 9 are 3rd order, 3 in 4 order and one in fifth 
order streams. Drainage patterns of stream network from 
the basin have been observed as mainly dendritic type which indicates the 
homogeneity in texture and lack of structural control. This pattern is characterized 
by a tree like or femlike pattern with branches that intersect primarily 
at acute angles. The properties of the stream networks are very important to study 
the landform making process (Strahler and Strahler, 2002). 
STREAM LENGTH-
Stream length is one of the most significant hydrological features of the basin as 
it reveals surface runoff characteristics streams of relatively smaller lengths 
are characteristics of areas with larger slopes and finer textures. Longer lengths of 
streams are generally indicative of flatter gradients. Generally, the total length of 
stream segments is maximum in first order streams and decreases as 
the stream order increases. The number of streams of various orders in the basin 
is counted and their lengths from mouth to drainage divide are measured with 
the help of GIS software. Plot of the logarithm of stream length versus 
stream order (Figure) showed the linear pattern which indicates the homogenous 
rock material subjected to weathering-erosion characteristics of the basin. 
Deviation fi"om its general behavior indicates that the terrain is characterized by 
variation in lithology and topography. 
The order wise total number of stream segment is known as the stream number. 
Horton's (1945) laws of stream numbers states that the number of stream segments 
of each order forms an inverse geometric sequence with plotted against order, most 
drainage networks show a linear relationship, with small deviation from a straight 
line. The plotting of logarithm of number of streams against stream order is given 
in Figure-15 according to the law proposed by Horton gives a straight line. This 
means that the number of streams usually decreases in geometric progression as 
the stream order increases. 
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Fig-14 Graph log of stream order verses stream order 
2.5 n 
2 • 
1.5 -
1 
0.5 -
n -
1 2 3 4 5 
Log of stream numer 
Fig-15 Graph log of stream number verses stream order 
Mean Stream Length; 
The mean stream length of a channel is a dimensional property and reveals the 
characteristic size of drainage network components and its contributing basin 
surfaces (Strahler, 1964). The mean stream length (Lsm) has been calculated by 
dividing the total stream length of order by the number of streams. Table -9 
indicates that Lsm in this -watershed ranges from 0.73938181 to 5.5683935 and 
Lsm of any given order is greater than that of lower order but in this basin the next 
70 
higher order i.e. order III in the basin showing lower values in the higher order (III) 
and higher value in lower order (IV) which might be due to variation in the slope 
and topography. 
STREAM LENGTH RATIO 
Stream length ratio (Rl) may be defined as the ratio of the length of one order to 
the next lower order of stream segment. Morten's law (1945) of stream length 
states that mean stream length segment of each successive orders of a basin tend to 
approximate a direct geometric series with streams length increasing towards 
higher order of streams. In this Basin there is variation in Rl from one order to 
another order indicating their late youth stage of geomorphic development (Singh 
and Singh, 1997). 
BIFURCATION RATIO (Rb) 
The term bifurcation ratio (Kb) is used to express the ratio of the number of streams 
of any given order to the number of streams in next higher order (Schumn, 1956). 
Bifurcation ratios characteristically range between 2.21875 and 3.0 for basins in 
which the geologic structures do not distort the drainage pattern (Strahler, 1964). 
Strahler (1957) demonstrated that bifurcation ratio shows a small range of variation 
for different regions or for different environment dominates. The mean bifurcation 
ratio value is 3.832465278 for the study area (Table 11) which indicates that the 
geological structures are less disturbing the drainage pattern Horton (1945) 
considered Rb as an index of relief and dissections. Strahler (1957) 
demonstrated that Rb shows only a small variation for different regions with 
different environments except where powerful geological control dominates. 
Lower Rb values are the characteristics of structurally less disturbed watersheds 
without any distortion in drainage pattern (Nag, 1998). The mean bifurcation ratio 
values of Lakheri watershed indicate less structural control on the drainage 
development. However, irregular Rb values do not subscribe to Horton's law of 
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streams numbers which probably represent local variations in the drainage 
development. 
RELIEF ASPECT 
RELIEF RATIO (Rh)-: 
The elevation difference between the highest and lowest points on the valley floor 
of a subwatershed is its total relief, whereas the ratio of maximum relief to 
horizontal distance along the longest dimension of the basin parallel to the 
principal drainage line is Relief Ratio (Rh) (Schunm,1956). It measures the overall 
steepness of a drainage basin and is an indicator of intensity of erosion processes 
operating on the slopes of the basin. The Rh normally increases with decreasing 
drainage area and size of a given drainage basin (Gottschalk, 1964). In the present 
study, Rh is 0.004949378. the value indicate there is gentle slope and high relief 
Elevation difference between highest & lowest points on the valley floor of sub-
watershed is known as total relief 
AERIAL ASPECT 
DRAINAGE DENSITY (D)-
Drainage density (D) expresses the closeness of spacing of channels. It is the 
measure of the total length of the stream segment of all orders per unit area. It is 
affected by factors which control the characteristic length of the stream like 
resistance to weathering, permeability of rock formation, climate, vegetation, etc. 
Langbein (1947) recognised the 
significance of D as a factor determining the time of travel by water within the 
basin and suggested that it varies between 0.55 and 2.09 km/km ^ in humid region. 
In general, low value of D is observed in regions underlain by highly resistant 
permeable material with vegetative cover and low relief High drainage density is 
observed in the regions of weak and impermeable subsurface material and sparse 
vegetation and mountainous relief Drainage density of the area is 0.424297072 
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km"' which suggest that a humid region. Drainage density 0.424297072 km'' in the 
present case it is suggested that this low density indicate that regions underlain by 
highly resistant permeable material with vegetative cover and low relief. 
STREAM FREQUENCY 
Stream frequency/channel frequency (Fs) is the total number of stream segments of 
all orders per unit area (Horton, 1932). Table 12 shows stream frequency of study 
area is 0.467804268 km'^. It is noted that stream frequency exhibit positive 
correlation with the drainage density values of the populatic with respect to 
increase in drainage density. 
DRAINAGE TEXURE (Rt) 
It is the total number of stream segment of all orders per perimeter of that area 
(Horton, 1945). Horton recognized infiltration capacity as the single important 
factor which influences drainage texture (Rt) and considered the drainage texture 
to include drainage density and stream frequency. Smith (1950) has classified 
drainage density into five different texture i.e. very coarse (<2), Coarse (2-4), 
moderate (4-6), fine (6-8) and very fine (>8). In the present study watersheds have 
moderate drainage texture as their drainage densities 2.663254215 km' 
'respectively. 
FORM FACTOR (Rf) 
It is defmed as the ratio of basin area to square of the basin length (Horton, 1932). 
Horton (1945) proposed this parameter to predict the flow intensity of a basin of a 
defined area The value of form factor would always be less than 0.7854 (for a 
perfectly circular basin). Smaller the value of form factor, more elongated will be 
the basin. The basins with high form factors have high peak flows of shorter 
duration, whereas, elongated sub-watershed duration. In the present case 
watersheds with high form factors have high peak flows of shorter duration. In the 
present case lower Rf value 1.013789729 high peak flows of shorter duration. 
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CIRCULATARITY RATIO (Re) 
Miller-Rc of the area of the basin to the area o f a circle having the same 
circumference as the perimeter of the basin. It is influenced by the length & 
frequency of streams, geological structures, land use/land cover, climate, relief & 
slope of basin. In the present study area the value of circulatory ratio is 
0.870266425 that indicating lack of circulatory. 
ELONGATION RATIO (Re) 
Schumm- Re is the ratio between the diameter of circle of the same area as the 
drainage basin & the maximum length of the basin. The values of elongation ratio 
(Re) generally vary from 0.6 to 1.0 associated with a wide variety of climate and 
geology and can be grouped into three categories i.e., circular (>0.9), oval (0.9-
0.8) and less elongated (<0.7) so here given value is 0.222069131 indicating 
elongated basin. 
LENGTH OF OVERLAND FLOW (Lg) 
Horton- It is length of water over the ground before it gets concentrated into 
definite channels This term was used by Horton (1945) which is one of the most 
important independent variable by virtue of which the hydraulic and physiographic 
developments of drainage basin is affected Horton has taken approximately equal 
to the half of the reported of density. In the present study the length of overland 
flow is 1.178419633 km. 
Ruggedness & Geometry Number: -
Ruggedness number is the product of maximum basin relief and drainage density 
(Strahler, 1964) where both terms are in same units. The dimensionless property of 
slope can be introduced into the ruggedness in the following way consider that the 
adjacent stream channel is equal to about one half the reciprocal of the drainage 
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density and that local relief 'H' is measured as the vertical drop from divide to 
adjacent channel. Thus the slope 'Sg' the ground surface from divide to stream will 
be related to 'H' 'D' by the equation: 
Sg=HX2D 
Where Sg = Tangent of the ground slope HD/Sg = 1/2 
In the present study area the ruggedness numer is I8.23543194 
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